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A. .. LIFE OF DIE (NUMBER) 

B. ..LD VALUE 

(57) Abstract: A steel material for mechanical structures which comprises, in terms of percent by weight, 0.35 to 0.50% carbon, 
up to 0.15% silicon, 0.2 to 1.1% manganese, up to 0.020% phosphorus, 0.005 to 0.035% sulfur, more than 0.1 to 0.2% chromium, 
0.05 to 0.5% molybdenum, more than 0.01 to 0.05% titanium, 0.01 to 0.05% aluminum, up to 0.01% nitrogen, 0.0005 to 0.0050% 
boron, 0.06 to 0.25% copper, 0.05 to 0.2% nickel, and iron and unavoidable impurities as the remainder, and which has a value of 
LD shown by the following equation (1) of 120 or lower. 
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(57) 

® » % -C C : 0 . 3 5 % ± 0 . 5 0 % igi T . S i : 0 . 1 5 % iJA 
T. Mn:0. 2%a±l. 1%J^IT. P:0. 020 %iJtT. S: 
0 . 0 0 5 % iJA Ji 0 . 0 3 5 % UJt. T . C r : 0 . 1 % 3@ 0 . 2 % fiA 
TxMo:0. 0 5 %U±0 . 5%i^AT. Ti:0. 0 1%J[Jl±0. 
0 5 % T ^ A 1 : 0 . 0 1 %U±0 . 0 5 % i^i^ T , N : 0 . 0 1 % 
eHT> B:0. 0005 %J6JLJiO. 0050 %JeiLT. Cu:0. 06 
%SI±0 . 2 5%£ilTS.t/Ni : 0. 0 5 %U±0 . 2 %&,T s 



LD=0. 569X {7 

( 1 + 2 . 8 3 P ) ( 1 

2. 33Cr) (1 + 0 

0. 27Cu) (1 + 1 



. 9 8 X ( C ) X 

- 0 . 6 2 S ) ( 1 + 

. 5 2 N i ) (1+3 

. 5 ( 0 . 9 - C ) ) 



( 1 + 4 . 1 M n ) 
0 . 6 4 S i ) ( 1 + 
. 1 4 M o ) ( 1 + 
} +52. 6 

( 1 ) 
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4#fF:it»t 1 : mm^ 4-218641 ^-^n mnm^<D^m) 

3288563 -^^^ (4^fPlff*0^iffl) 
i^i!F$f ^Jtesi-S^s «^*^-C?S!l#lb^^«-'f l-ttCu-^Ni ^© ^7:^7'3:V 



Mn 4«r<SJ^i- 5 t^: <t o -c«im $ tbS r i: . 
(4) |gat14(^<STf*> J^A14«r^U;fcfiSI$^mJ^<^*§^'CfcSLD<i£^m;£<o 
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1. !^»%-e> 

C : 0. ZS%&.±. 0. 50%&.T. 

Si : 0. 15%&.T. 

Mn : 0. 2% &.±. 1. 1 %i^T^ 

P : 0. 020 %&.T. 

S : 0. 005 %Sk±. 0. 035 %SiT. 

Cr : 0.1 0.2 %eJlT. 

Mo : 0. 05%£i_h. 0. 5 %l^iT^ 

Ti : Q.Ol%Sk±. 0.05%^Tx 

Al : 0. Ol%&i±. 0. 05%£ilT. 

N : 0. 01%&.T. 

B : 0. 0005%£i_L. 0. 0050%^T. 
Cu : 0. 06%£il±^ 0.25%iJilT*5j:tJ« 
Ni : 0. OS%U±. 0. 2 %£AT 
Sr. Tia^(l) -C^-rLDfl£;05 120 ^T^^JEi-S$5a^::^3V^T•g■^ 

IB 

L D =0. 569 X {7. 98 X (C) ' ^ ^ X (1+4. IMn) (1+2. 83 P ) (1-0. 62 S ) (1+0. 64Si) 
(1+2. 33Cr) (1+0. 52Ni) (1+3. 14Mo) (1+0. 27Cu) (1+1. 5(0. 9-C)) } +52. 6 

(1) 

^^(DC, Mn, P, S, Si, Cr, Ni, Mo, Cu ^fl^tl(D7cm(D^ 

mm («»%) irM^-r^o 
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2. _b|51 (^:}3V>T. mUH^. $ ^l-^»%T' 
V :0.01%iBJlJi. 0.30%iJiT*5i:tJ« 
Nb : 0.005%eiJt, 0.050 %&iT 



C : 0. 35%i^_b, 0. 50%JBlTs 

$33itJ5ai$Sri^J?)T. ^aUt)3tftSrii5^iKi^Att«IMU^t- UOOMPa iSA_b4r 

<OX^ C*«0.35%iJJl±. 0.50%£ilT<^ffiffl»-RB3£U^o 
Si : 0. 
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Mn : 0. 2% Sk±, 1. 1 %£JIT. 

I^^SjlTJ^^aCOSSiSSr^^b^^Sc??^?. MnftttO.2% 1. 1 %iJJlT<Z)®H 

(!:RB^Ufc:o »%V<\t 0.2%&.±. 0.8 %iJilT«>f5K-efcSo 
P : 0. 020 %&^T 

S : 0. 005 %Si±. 0. 035 %SXT 

IH^f■eMnS^?^fifcU^l^gy^4^I^iI-h$•^5^:^*5^S<^-e 0.005%£A_h 

<DiS.r^m < <DX. S «(^_bPSfi 0. 035%l5iPI^ U < H 0. 010%!^^ 

Jt. 0.035 %eilT<0|5H-T?fc6« 
Cr : 0. l%m. 0. 2 %SIT 

«53gi4-^*a D 9 *fegiJi4^(O^T*5l #e r -r Cu ^ Ni h 7 i^zf^x. u 

^>'h(Dmmmi:mmimm'r^:itftix^^. la^u. cr s^s o. i%ijJiT-e 
3iSdSiST-rsysn6. Cr 0. 1%^. 0.2 %&s-r<Di^mx^m^'^^ii(ok\^ 

it. 

Mo : 0. 05%&L±. 0. 5 %etT 
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ds. 0.5 %%m7LX^^^^^kti\^^^nm(D^i\:,^m<<0'^. Mo »fi 
0.05%:eAJi. 0.5 %ii^T<^^ffll-RS^Ufc» $f*b<f^. 0. l%^^^_h. 0.5%iJi 

Ti : 0. 01%^$4±. 0. 05%UJLT 

fcSo ^<Z)^8e)j::tt. 0.01%£ilJto-^^«:i£^S^i-S*5, 0.05%*S^5 
14*518111 Ti 0. 01%£iL Ji^ 0. 05%£ilT<Z>«fiHt-IS^Uyh„ 

Al : 0.01%iiJ^±. 0.05%^>LT 

M.kfi^xmf^^S.^^T ^^^<DX. k\m%Q.Ql%&.±.. 0. 05%e;T<OiSH 
N : 0. Wo&.y 

Al ^Ti ir^-a-bXmkiKjSrJ^^Ux JI5^iJt*P^I^<0:^-:5^7^-^-Y h 
-^^SdS0.0l%«:®;t5i:^{b'fe;J53ft:^>fkUifi*lJ:2S$^3Sl^4r^'ft:$-tirSo i^1t. 

B : 0. 0005%£Jl-L. 0. 0050%£/IT 

^f3.'C^mB.^\^±.^'^^^^t(^h^o 't<Df^}b\^\%. 0.0005%i^^±(^«P;!)5 

'SL^mxh^ii^. o.Qm%^^^^tm^(D^it^n<<ox. b o. ooo5%4^_h. 

0. 0050% Ji;lTOtSH 131 RR^bfCo 
Cu : 0. 06%i^Jl±. p. 25%1JJIT 
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Cu \th9>Zf=c.U;>t >Vt l.X^'^M^i^UAi^X < ^TtmXh^o 0. 25% 
Ni : 0. 05%SX±. 0. 2 %UT 

Ni nh7:^:f^u:^>htvx^WM^i^iBiAVX<^7cmxh^o 0.2% 

V :0.01%Sl±. 0.30%£4T. Nb : 0. 005%£il±. 0.050 %SKT 

0.005 %^mx\-i^<DmM\^m^t^v<. -:^o.zo%m. 0.050 %mxnm 
mmamxi^i^xm^^WLm-r^fcib. ^t^^ttv :o.oi%iy.-L. o.3o%&sT. 
Nb : 0. 005%!^; Ji> 0.050 %&.r<o^m\^m^\^t^o 

m.^^m^m^^&\^x\f^^ie:nx\t^+^Xs tib^(i) -c^^ttSLDo 



(1+2. 33Cr) (1+0. 52Ni) (1+3. 14Mo) (1+0. 27Cu) (1+1. 5(0. 9-C)) } +52. 6 



mU. ^^(DC, Mn, P, S, Si, Cr, Ni, Mo, Cu ^tl^fl<07tm(0^ 

mi\^. ^^m\^x^m Cr. M Si s8jj:ov>t. ±i^vfti.T>mtm^m^ 



LD =0.569 X {7.98X(C) 



1/2 



X (1+4. IMn) (1+2. 83 P ) (1-0. 62 S ) (1+0. 64Si) 



(1) 
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nXt^2\z.U^(Di& Cr. -IS Si mi^^^^X(Dm^f^^h^'^X7riiro 

:^T'r^ hi[:n<D7^mn. miEm(o^^'r^ h*^^$-^5fe«)i::. 0.2- 
2.0 'c/sn&t-r?>:itim-Mv\^\ w\^x^<Dwmxii. ^^m^w^^vt^m 
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mtj : 120 kw@S"e 0.2—1.0 ii^ms.(DM^^mvft(D*>. j^Attu. no *c 
mmm 

mn:L^-f-^^mm^^j^^m^. mm-vmmv. mt^mm^x^ 4oox540mm 

<DZf/^^--J>^kVtL(Dib. I^^J3EMt-«t t) 150mm^<DlfWy b i: b^to oV>-e> 
-Ot'Wy 1030'Clc;&P|^m. 0 25ram*(Z>E#i: UfcO*,, ?^ 

(1) nim 

(2) 

SKD lit?, :^-:fy-(i^m7citi^(Dtis'o-vh^o 

^J^'' -<>^V ^—h. ^i^zL-jU : 1.27. JQE;^:^ : 30" . : 21. \^iy^ 
it^ : 26.27 mm. ' 28. 1mm. : 24.88 mm. 1">'^ (*2.5 mm 

t":^) : 30.49 mm 
(3) *aC«3#i4 

|£;|^^.^sp^gB : 20mm«O¥?&^=^*aC«9^@^>i-S:f^®b. (Itbl^l^StlS : 

15kHz (Dmm^mAtimn'tm^^xmAtiv, i7o*c. 30 min(z>figMb*a3ffi4: 
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mm tVtc^ *aC9l^a«x 4900 J (500kgf • m)<DfeC t)f^fifea<SrliVNX*:*:*a 

(4) mmmf\^^ 

^3|^ (20njm*) ^MJlV. J:|B(3) l^«3&?i^«[«IAtbSrtTofcO*,{J:. ^ 

(5) s^gm 

fil^gimt^S^^s SKH4, 4inm*© Ky [slifel^: : 1500 rpm (D^ 



tim2. m3^^mi.xm.mir^o ^mm(Dh*y^zf->^yhnmi(o no. 2 
(Dmui:m\f^xm^vfto ittgtm<o¥9^:fi^^y no. is <omnt^ 

S^^ai^bl/Sijgm-efcSo ^^^^U.^ (static strength test) ^ K7 

mm\^f^m-r?>mi<:h^^^ ^ti^k(Ditxmvfto ftmm<D\f'7^z/i^^y h 
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^:fi^^yh(Dm^^m^m^vti^M:'^h^o m^^M^^ (fatigue 

strength test) ^ fi. 9 5S L h/^^ ^^ftl^ Ufc#'a'<?5S!^3^S^?BI^-r 

mo. A2-(^h^(o\z.n\^.^m^\<oY'7^':fi^\:7v<omnm-tmo. 55 

So 

Cu Ni ^(D >- h ;&s;fpj3e6«jl::?lAi-S« 

t)|^< r ^;&s-C#-5o *aiCD#i4. iiSj^fiJtt14:fc itJ^j^AtH* 

5o 
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^2 



No. 




(%) 


(IS) 


(MPa) 


Ik. 


(mm) 


1/S ^ 


1 


F + P + B 


12 


610 


1540 


15 


2430 




2 


F + P + B 


14 


624 


1580 


16 


2480 


;/ 


3 


F + P + B 


10 


642 


1570 


10 


2300 


n 


4 


F + P + B 


13 


588 


1630 


19 


2390 


n 


5 


F + P + B 


18 


591 


1590 


18 


1740 


/; 


6 


F + P + B 


8 


525 


1570 


18 


2110 


/; 


7 


F + P + B 


23 


493 


1580 


19 


2470 


II 


8 


F + P + B 


21 


469 


1590 


19 


2450 


If 


9 


F + P + B 


20 


512 


1580 


20 


2440 


II 


10 


F + P + B 


10 


658 


1620 


16 


2120 


II 


11 


F + P + B 


21 
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F + P + B 
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II 
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F + P + B 


14 
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19 
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II 
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F + P + B 
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1560 


24 


1290 


II 


18 


F + P + B 


16 


523 


1400 


17 


1270 


11 


19 


F+P + B 


45 


514 


1600 


16 


1510 


II 


20 


F + P 


0 


663 


1550 


11 


1330 


II 


21 


F + P + B 


26 


360 


1530 


17 


2400 


II 
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C : 0. 35%U±. 0. 50%SkT^ 

Si : 0. 15%£jLTs 

Mn : 0. 2% 1. 1 %UT. 

P : 0. 020 %UT. 

S : 0. 005 0. 035 %&.T. 

Cr : 0. l%m. 0. 2 %i2JlT. 

Mo : 0. 05%&^±. 0. 5 %SIT. 

Ti : 0. 01%iJilJiv 0. 05%&^T. 

Al : 0.01%i^iJb. 0.05%&.y. 

N : 0. 01%iJ4T. 

B : 0. 0005%£Jl_h. 0. 0050%^^AT^ 

Cu : 0. 06%iiA_h. 0.25%ieJlT*3J:t;« 
Ni : 0. 05%}^±. 0. 2 %WT 

TIB^(l) "Tf^i-LD^s 120 4JiLT«r?3IJ£i-5$Sfflt::i3V^T-g'Wb. ^SB 

IB 

LD =0.569 X {7.98X(C)'^*X(l+4. lMn)(l+2.83P)(l-0.62S)(l+0.64Si) 
(1+2. 33Cr) (1+0. 52Ni) (1+3. 14Mo) (1+0. 27Cu) (1+1. 5(0. 9-C)) } +52. 6 

(1) 

<aU^ ^^(DC, Mn, P, S, Si, Cr, Ni, Mo, CuYi^ ^fl^in(D7zm<0^ 



14 



wo 2004/035848 eCT/JP2002/013564 



Nb : 0. 005%£t±. 0. 050 



15 



wo 2004/035848 B§iX/JP2002/013564 




1/2 



wo 2004/035848 



7JP2002/013564 



1.2 

^ 1 1 

m 
m 

0.9 



2 B^^^ 



^mm 1 2 




2/2 



INTERNATION. 



CH REPORT 



Intemati( 



ti^|4|p] 



iplication No. 
'JP02/13564 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl^ C22C38/00, 38/50, C21D9/28 



According lo Inicmalional Patent Qassiflcation (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl'' C22C1/00-49/14, C21D9/28 



Documentation searched other than minimum documentalion to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Sliinan Koho 1971-2003 Jitsuyo Shinan Toro)cu Koho 1996-2003 



Electronic daU base consulted during the international search (name of data base and. where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 9-3592 A (Toa Steel Kabushiki Kaisha) , 


1-3 




07 January, 1997 (07.01.97), 






Full text 






(Family: none) 




A 


JP 9-20958 A (NKK Corp.)/ 


1-3 




21 January, 1997 (21.01.97), 






Full text 






(Family: none) 





[ — I Further documents are listed in the conlinuaiion of Box C. See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E^ earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other ' 
special reason (as specified) 

"O" document referring to an oral. disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



'T' later document published after the international filing date or 
priority date and not in conflict -with the application but cited to 
understand the principle or theory underlying the invention 

•*X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

**Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination t>eing obvious to a person skilled in the ail 
document member of the same patent family 



Date of the actual completion of the international search 
29 January^ 2003 (29.01.03) 



Date of mailing of the international search report 

12 February, 2003 (12.02.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No, 



Form PCr/ISA/210 (second sheet) (July 1998) 



mmms^^ p 



3B?g<0JRf S^HF<O^Hg (®IS#ff5>IS (IPC) ) 

Int. CI' C22C 38/00, 38/50, C21D 9/2 8 



J PO 2/1 3 5 6 4 



mnirnoitML^^miim mt^wn^m (i po ) 

Int. CI' C22C 1/00-49/14, C21D 9/28 



B:^mmmmm<^m 1926-1996^ 

0 ^m<^mmmmm<^m i97i-2003¥ 

u^m^mnmrnm-'Jim 1994-2003^ 

B:^mmmmf^^fSi<iim 1996-2003^ 



c. 



JP 9-3592 A( V—r ♦ /Vt*^#^t) 
1997. 01. 07. {yr^V ^'fe b) 



JP 9-20958 
199 7. 01, 21 



1-3 



1-3 



B«U< «:(tfe«>4*Sij3ta*«rlfeS£:-f--5fcit>»::?lffl-r-5 



rvj #»c:BiiS<Z)*>S3tj8tT'ifooT. ^^:Jti5i)^i:<tfe<oiW 
r&j R-^^T'^'h^r 5 y-iJtiBt 



2 9. 0 1. 0 3 



SI^19l^$B'^<^%3llB 



12.0Z03 



^-jfm^t^iT (I sA/j p) 

100-8915 



l;IS#^ 03-3581-1101 



4K 



9 8 3 3 



3 4 3 5 



«^PCT/I SA/2 1 0 (l|2'<->') (1 9 9 8^7^) 



